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(§) This invention relates to the reduction of polymer buildup 
on the inner surfaces of e polymerization reactor by applying a 
polymer buildup resistant coating material to the inner sur- 
faces thereof, the method or process of applying said coating 
being the subject of this invention. An approximate mono- 
layer coating on the inner surfaces of the reector results from 
applying thereto an aqueous or organic solvent solution of the 
coating material by means of steam, and preferably, superhe- 
ated steam, said coating material being en organic compound 
or polymer which Is capable of resisting polymer buildup 
thereon. As examples of such materials there may be named 
If the polyaromatic amines, self-condensed polyhydric phenols. 
^ tannic acid and tannates, various dyes such as nigrosine, and 
0) the like. etc. When using steam to apply the coating material, 
£> the same reaches the reactor surfaces in the form of a melted 
•> mist When polymerizing olefinic monomers, such as vinyl 
(0 halides, vinylidene haiidss, and vinylidene monomers having 
0 at least one terminal CH : -C< grouping, and mixtures 
O thereof, in the presence of said coating, polymer buildup on 

Othe inner surfaces of the reaction vessel is substantially ellmi- 
nmttt 
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PROCSS FOR COATING REACTORS 
CSINO STEAM ACTLICATIOH 



BACKGROUND OF THE IHVEttTIOM 
As :, well known. In polymer isation type reac- 
5 taans, deposits or buildup of polymer occur, on the 
~.er realtor surfaces which not only interferes with 
«t transfer, but decreases productivity and adversely 
a -ects polymer quality. This problem is particularly 
10 COaercial Paction of polymer, end co- . 

P01ym ers cf vinyl and vinylidene halide, when polymer- 
ized elcne or Witt other vinylidene monomer, having a 
eimir.,1 C5 2 -C < group, or with polymerisable monoole- 
«nic =onc=ers. For example, in the commercial pro- 
duct 103 of vinyl chloride polymers, the same are usually 
" produced in the form of discrete particles by polymer- 
ising i„ i . Moas suspension systems> ^ enplQying 

2? * pol ^ eri ««°n astern, the vinyl chloride, and 
other comonomers when used, are maintained in the form 

20 .IT fiiSCretS dr ° PletS * **» U " ° f suspending 
agents anc agitation. . When the reaction is complete, 
the resultant polymer is washed and dried. The reaction 
e,u™ y /° ndUCtea Pressure in metal reactor, 

ever ' ^ ba " le8 " - ^ ^tators. How- 

25 uns"abu e8 7 0lynerilatlOn ln ™* CMeS ' 

th. < I consequence, polymer buildup forme on 

inci!^ SarfiC " ° f toe P^-^orization reactor, 
"eluding tte surfacM of tte baffles ' 

p lr lc buildup Bnst *• ™ - to. 

30 transfer " e " eCt *' »» -eat 

transfer, poiy„ er quaUty> and ^ llke 

for re»ov< Veri ! US ^ he "**or. been proposed 

reactoT . 0n P°^"tion 

varioT ! ' 8UCh " Bolv -t cluing, the use of 

various hydraulic and mechanical , 
35 the lit. .,.„ , mecnamcal reactor cleaners, and 

reduce L ° US " eth0ds «~» Prosed to 

«oooe the amount of formation and the nature of polymer 
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buildup on said surfaces, such as the application to 
said surfaces i prior to polymerization, of various 
coatings. Sec, for example, U.S. Patents No's. 
4,024,330; 4,024,301; and 4,081,248. These various 
5 methods an*l apparatus have done a more than acceptable 
job. However, the art continues to strive to find the 
ultimate in the prevention of polymer buildup, particu- 
larly from an economic and environmental point of view. 

While the various coating solutions heretofore 

10 proposed have been more than satisfactory in achieving 
the desired results, experience on a commercial scale 
has shown that there is still room for improvement in 
this area of the reduction of polymer buildup. For 
example, more dilute coating solutions would be desir- 

15 able in order to reduce costs, considering the size of 
commercial reactors, and to reduce the color of the 
coating solutions, since most all of them are colored. 
When, under such circumstances, polymer buildup occurs, 
such particles of polymer tend to become discolored and 

20 very often they flake off causing specks in the finished 
polymer which obviously detracts from polymer quality. 
It should be pointed out, however, that the effective- 
ness of such coating solutions in reducing and substan- 
tially eliminating polymer buildup is not affected by 

25 such discoloration problem. However, work continues to 
find the ultimate means of applying a coating to the 
reactor surfaces, not only from simplicity of operation 
and from an economic point of view on a commercial 
scale, but also a process of application in which the 

30 potential discoloration problem is substantially elim- 
inated or substantially reduced. 

SUMMARY OF THE INVENTION 
It has been found that if a reaction vessel 
has been previously coated on the interior surfaces with 

35 the proper coating, undes.-.rable polymer buildup on said 
surfaces can be substantially decreased, and in some 



cases entirely eliminated, when polymerizing olefinic 
monomers therein. We have found that various coating 
materials can be applied to the reactor surfaces in the 
form of a melted mist of the coating material by maXing 
5 such application by. the use of steam or superheated 
steam. Examples of such coating materials are straight 
chain or branched polyaromatic amines, self -condensed 
polyhydric phenols, tannic acid and tannates, either 
natural or synthetic, various alkali soluble and water 
10 soluble dyes, as well as organic solvent- soluble dyes, 
and the like. Due to the nature of the coating composi- 
tion, and the method of application to the reactor 
surfaces of the present invention, it can be applied to 
said surfaces without opening the reactor thus providing 
15 a closed polymerization system, in polymerizing the 
olefinic monomers, the same is done in an aqueous poly- 
merization medium which is kept in contact with said 
coated surfaces throughout the polymerization reaction. 
DETAILED DESCRIPTION 
20 ln accordance with the present invention, a 

film or coating of the coating material, as hereinafter 
defined and described, is applied to the internal sur- 
faces of a polymerization reactor or vessel by means of 
steam or superheated steam. The steam under pressure 
25 picks up the coating solution in an aspirator valve, or 
any other suitable apparatus, such as a vaporizer, etc., 
and, through appropriate spray nozzles strategically 
mounted on the reactor, carries the coating to the 
reactor surfaces in the form of a melted mist of the 
30 coating material. All exposed surfaces in the interior' 
of the reactor, in addition to the walls, such as the 
baffles, agitator, and the like axe also coated in like 
manner at the same time since the spray nozzles are so 
arranged as to cover the entire interior of the reactor 
35 Further, since the coating is in the form of a J" £ 
hard t0 * et at ^ons, such as blind or shadowed 



areas, of the reactor are likewise uniformly coated 
employing the instant invention. After the coating 
solution has been applied to said surfaces, the poly- 
merization medium can be introduced to the reactor and 
5 the reaction started without the necessity of drying the 
surfaces -prior to said introduction of the polymeriza- 
tion medium. 

The steam is run through the aspirator, where 
it picks up the coating solution, under a pressure in 
10 the range of about 50 psig. to about 500 psig. The 
pressure of the steam will depend upon the nature and 
viscosity of the coating solution being employed as 
well as the spraying system being used. Usually a 
pressure in the range of about 100 psig and about 200 
15 psig is sufficient and preferred. The temperature of 
the steam, as used in the present invention, is usually 
in the range of about 138 P C to about 242°C. Preferably, 
the temperature of the steam is in the range of 164 *C to' 
194°C. It can be seen from the temperature and pressure 
'20 of the steam that superheated steam is also applicable 
in the present invention. 

The coating solutions used in the present 
invention are usually aqueous solutions of the coating 
materials, said solutions being neutral, basic or acidic. 
25 Por example, when employing a polyaromatic amine or 
---£9.£yhydr.ic phenol -as , the coating material, an aqueous 
alkali metal hydroxide solution thereof can be employed. 
While the aqueous coating solutions are preferred, 
organic solvents can also be used, such as methanol, for 
30 example, - .The organic . solvents are particularly useful 
with water-insoluble systems such as certain dyes, for 
example nigrosine, and the like. Irrespective of the 
solvent used in making the coating solution, the solvent 
is vaporized. as. a result of the steam superheat avail- 
35 able and, as previously pointed out, the coating mater- 
ial reaches the reactor surfaces as a melted mist of 
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concentrated coating material. As a result of the 
improved efficiency of the present coating process, the 
quantity of coating material required is considerably 
reduced. In fact, the amount of coating material re- 
5 quired is reduced to the point where flushing the re- 
actor with water, or other liquid solvent or nonsolvent, 
followed by stripping of the effluent and waste disposal, 
is no longer always necessary. The steam condensate 
formed in coating the reactor can become part of the 

10 reaction medium and no special apparatus or process 
steps are necessary for its removal. Of course, the 
condensate can be removed, if one so desires. 

After the coating solution is made up, it is 
fed to the aspirator or like apparatus where it is 

15 picked up by the steam. As a result of the steam 

superheat available, the solvent of the coating solution 
is vaporized and the coating material is carried to the 
reactor surfaces by the steam in the form of a melt 
mist, as previously pointed out. Depending upon the 

20 particular coating material being used, and the solvent, 
usually a coating solution having a concentration of 
coating material therein in the range of about 0.001% to 
about 20.0% by weight is satisfactory. Coating solu- 
tions in the range of about 0.05% to about 10.0% by 

25 weight is preferred. The concentration and amount of 
coating solution used will depend to a large extent on 
the type of coating material used and to some extent on 
the spray system employed to apply the coating. For 
example, when employing a polyaromatic amine as the 

30 coating material, three ounces of a 3% by weight solu-' 
tion is sufficient to coat a 2500 gallon reactor using 
superheated steam. This is a vast improvement over 
coating application processes heretofore known in the 
art. 

35 A number of various caating materials, which 

are capable of resisting polymer buildup, may be employed 
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in making the coating solutions which are useful in 
practicing the process of the instant invention. Chief 
among these materials are the straight chain or branched 
polyaromatic amines or the condensed polyhydric phenols. 
5 The polyaromatic amines are made by the reaction of any 
one by itself, except the polyhydric phenols, or more 
than one, of the compounds selected from polyamino 
benzenes, polyhydric phenols, aminophenols , alkyl- 
substituted aminophenols, diphenylamines, and alkyl- 
0 substituted diphenylamines. As examples of such poly- 
aromatic amines, there may be named a few, by way of 
example, such as the reaction product of m-phenylene- 
di amine (m-PDA) and resorcinol? m-PDA and p-aminophenol; 
p-PDA and nydroguinone? toluene- 2, 4-diamine and re- 
5 sorcinol; self -condensed m-PDA; m-PDA, resorcinol and p- 
aminophenol? etc. These polyaromatic amines are clearly 
shown and described in U.S. Patent No. 4,024,330, issued 
May 17, 1977 to Mornings tar and Kehe and is incorporated 
herein. This patent also shows the method of making the 
0 polyaromatic amines and the method of applying the same 
to reactor walls by means of an organic solvent solution 
thereof . 

In U.S. Patent No. 4,024,301, issued May 17, 
1977 to witenhafer, Haehn, and Cohen, there is described 
5 a process of applying the straight chain or branched 
, polyaromatic , amines., .described above, to the reactor 
surfaces using an aqueous alkali metal hydroxide solu- 
tion thereof. This patent is also incorporated herein. 

In U.S. Patent No. 4,081,248, issued March 28, 
0 1978 to Cohen there is described a process for applying 
to the reactor surfaces an aqueous alkali metal hydrox- 
ide ooating solution containing a straight chain or 
branched polyaromatic amine, as herein described, and a 
dispersant operable in aqueous media. The useful dis- 
5 persants, which may be so employed, are polyvinyl 
alcohol, polyvinyl pyrolidone, gelatin (calf skin), 
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starch and hydroxypropyl methyl cellulose. This patent 
is also incorporated herein. 

Another class of costing materials very useful 
in substantially eliminating polymer buildup in polymer- 
5 isation reactors is the selfcondensed polyhydric phenols 
which are also operable in the practice of the present 
process using steam as the carrier. These coating 
materials are shown and described in U.S. Patent So 
4,080,173, issued March 21, l 97 8, to Cohen, which is 
10 incorporated herein. This patent also show, the method 
Of making the self-condensed polyhydric phenols. In 
patent, there is applied to the reactor surfaces a 
coating composition containing, a. a primary ingredient, 

15 lr<T • elf -~ na8nsatlo » of a polyhydric phenol, 

15 or (2) the condensation product of two or more poly- 
hydric phenols, or (3, the self-condensation product of 
a polyhydric naphthol, dissolved in an aqueous alkali 
metal hydroxide solution. The polyhydric phenols used 
in making the condensation. products are resorcinol 
20 hydroguinone, cetechol and phloroglucinol . 

Another class of materials which are suitable 
°l r T ' ■«»—.««*». -olution. for application to 
reactor surfaces to substantially eliminate polymer 
bull dun 4-h»7-ort« --.j . 



buildup thereon, and which can be employed in the present 
25 process, are the tannins, such as, for example, tannic 
. . scad .The tannins ere divided into two main groups, 

nsaely, hydrolyzable tannins and condensed tannins. The 
tannins are usually identified from the source of ex- 

,„ T7T\ t *" t tte tr " e « -smples of • 

30 the hydrolysable tannins and their source, there may be 
named Chinese gall or tannic acid, myrobalan, tanniL 

ZTi' TT tan " inS <"*'—«'—.>. chestnut 
tannins (wood), divi-divi tannins (pod.,, and the like 
A, examples of the condensed tannins and their turce 
35 may be named oak tannin, (bark, , hemlock 3 

(bark,, wattle tannins (bark,, sumach tannin. , W .s , ' 
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quebracho tannins (wood) , mangrove tannins (bark) , 
gambler tannins (leaves), and the like. Also useful are 
the ammonium tannates and tannins complexes with metal 
ions. The tannins are shown and described in pending 

5 U.S. application Serial No. 807,957, filed June 20, 
1977, in the name of Cohen. 

Another class of materials which are suitable 
for making coating solutions for applications to reactor 
surfaces in accordance with the present process, for 

LO substantially eliminating polymer buildup, are various 
dyes or dyestuffs. For example," the alkali soluble dyes 
which can be dissolved in an aqueous alkali metal hy- 
droxide solution or an ammonium hydroxide solution, as 
shown and described in U.S. Patent No. 4,068,059, issued 

.5 January 10, 1978, to Witenhafer, and incorporated 

herein. The alkali soluble dyes are those which contain 
in their chemical structure one or more of the following 
radicals: -OH, -COOH, -SO3H, and -S0 3 Na, which radicals 
may be the same or different on any one dye structure. 

J 0 The classes of dyes which have one or more of said 
radicals are the azo dyes, such as monoazo and polyazo 
dyes; metal-containing azo dyes; mordant dyes; pyrazo- 

1 lones; stilbene dyes; azoic dyes, phenols; naphthols; 
anthraguinone dyes; diphenylmethane and triphenylmethane 

5 dyes; thiazoles, nitro dyes; nitroso dyes; xanthenes; 

....benzqguinones and naphthoquinones; and solubilized vat 
dyes, such as indigoids and anthraguinoids . Also the 
ionic dyes are useful, such as acridines, azines, 
oxazines and the thiazines. 

0 , , Further dyes are the water-soluble dyes which 

are shown and described in pending U.S. application 
Serial No. 807,958, filed June 20, 1978, in the name of 
Witenhafer. These dyes contain one or more of the 
following radicals: -C00Na, -COOH, -SO3H, and -SO-Na. 

5 The dyes shown in said application are incorporated 
herein by reference. 
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In addition to the- dyes mentioned above, 
various organic solvent-soluble dyes nay be used, such 
as nigrosine, aniline black, etc. 

* „, «. T, Pr " ViOUSly P° lnted a coating solution 

5 of the coatang materials described herein, when applied 
to the surfaces of a polymerisation reactor, in accord- 
ance with the present invention, will substantially 
reduce the buildup of polymer thereon. However, many of 
the coating material, are colored and solution, thereof 
10 will discolor many of the polymer particles that do form 
on the inner surfaces of the reactor, if th„ a po lynler 
partxcles are inadvertently removed from said surfaces, 
during the course of making the polymerisation product, 
such as polyvinyl chloride (PVC). the entire batch of 
15 polymer can be rejected for inferior quality due to the 
occurrence of said off-white particles of polymer. 
However, this discoloration problem is essentially 
overcome by the use of the present invention since the 
amount of colored buildup preventing coating solutions 
20 required is so low as to usually avoid this problem. He 
have found that a concentration of coating meteriel in 
the range of about 0.001% to about 20.0% or sore by 
weight is satisfactory i„ accomplishing the objectives 
of the present invention, a preferred concentration 

IT I T tin9 Baterial 18 ia tte r »' e «* fc » «*°»t 

0.05% to about 10.0% by weight of the coating m.teri.1 
in the aqueous or organic solvent solution. ■ 

In order to prevent polymer buildup in a 
reactor, it is believed that you need a watar-wettable ' 

' n T ' Betal ° r ' 01 " no»-w.ttlle. 

a liquid, such a. water, thereon will tom toplet , ^ 

not flow out into a smooth uniform fil*. to oraln jT 

solxd surface, such a, stainless steel for e»mpi."T. 

not water-wettabl. dun to the normal contaJnttL or 

" r ? tt ° r5aniC " atert ' 1 ' ««Uct with 

the atmosphere, the surface can be cleaned, such a. 
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with chronic acid or an abrasive cleanser for example, 
and it will become water-wettable. However, this is not 
the full answer, since the surface will not remain in 
that condition for a sufficient length of time, that is, 
5 for more than the duration of a single polymerisation 
reaction. That is to say, the surface must be recleaned 
after each polymerisation cycle. Therefore, applying a 
coating to the surface which will be waterwettable and 
resist polymer buildup thereon and remain on said sur- 
10 face throughout multiple reaction cycles is more desired. 

The wettability of a solid surface can be 
measured. The angle formed between the tangent of the 
side of the droplet and the metal or glass surface is 
called the -contact angle- and is referred to as "theta" 
15 (6 ). A further measurement of the wettability of a 
solid surface is the critical surface tension for wet- 
ting a solid surface and is expressed as " Y c". The y c 
is measured in dynes per centimeter. Using water as the 
standard, in order for a solid surface to be wettable, e 
20 must egual 0 or be very close to it, yc must be 72 
dynes/cm. or greater. 

More importantly, the coating material being 
- applied to the surface should not only form a wettable 
surface, but also form a continuous layer or film there- 
25 on which is not readily removable. This film or coating 
adheres to the- solid or metal surface by adsorption and 
in many cases, the film is a monolayer of the coating 
material applied which is of the order of a molecule in . 
thickness. These films of such thickness are invisible 
30 to the naked eye, thus further solving the color problem 
heretofore referred to.. Of course, films of greater 
thickness can result when using higher solids content 
coating solutions which films or coatings are visible to 
the naked eye. The film or layer formed by the coating 
composition applied to the surface by steam or super- 
heated steam, In accordance with the present invention. 



35 



-Il- 
ls not removable by washing with water. That is to say, 
the coating or film is resistant to removal from the 
reactor surfaces when a turbulent aqueous reaction 
medium is in contact therewith, caused by the agitation 
5 of the polymerization mixture in the reactor. 

The coating solutions useful in the present 
invention are made by conventional methods, using heat 
and agitation where necessary. .Usually a temperature in' 
the range of about to about 100-C is satisfactory. 

10 Agitation during dissolution of the coating material is 
desirable. When the concentration of the coating mater- 
ial is within the range given above, the coating solu- 
tion thereof may be easily applied to the reactor sur- 
faces by means of steam or superheated steam through 

15 spray nozzles mounted on the reactor. Further, the 
molecular weight of the coating material has an effect 

^ on the concentration of the same in the coating solution 
-br the total solids of said solution. Still further, 
these factors may vary the concentrations of coating 

20 materials in the coating solutions given above. 

It should be pointed out that the coating 
compositions, used in the present invention, work 
equally well on glass or metal surfaces, such as stain- 
less steel and the like. While the exact mechanism of 

25 the coating to the surfaces of the reactor is not known 
for certain, it is believed to involve some type of 
electrical force or adsorption between the reactor 
surfaces and the coating material, particularly with 
some coating solutions. At any rate, the coating compo- 

30 sitions useful in the present invention do substantially 
eliminate polymer buildup on said surfaces and what 
little polymer buildup, if any, that may occur is of the 
-sandy" type which is of such a nature that it is 
readily removable from the reactor surfaces without the 

35 necessity of manual scraping procedures. The polymer 
buildup to be avoided is what is referred to as -paper- 
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buildup since this type of buildup is very difficult to 
remove and usually requires hand scraping or the use of 
a high pressure jet stream of water or other liquid. In 
either event, the reactor must be opened in order to 

5 clean the same, which of course allows the escape of 
unreacted monomer, such as vinyl chloride, into the 
atmosphere which is hazardous to health, 

Dsing the steam application of the coating, in 
accordance with the present invention, multiple polymer- , 

) izations may be run without opening the reactor between 
charges. Although multiple charges may be run without 
recoating the surfaces, it has been found to be expedi- 
tious, and preferred, to recoat the reactor after every 
charge to insure uniform and efficient production. This 

> is very easily done using the steam application of the 
coating composition through the spray nozzles, as hereto- 
fore described. When it is decided to recoat the re- 
actor, the reactor is drained, and the inner surfaces 
are flushed with water by means of the spray nozzles to 

3 remove all loose polymer particles thereon. Then the 
coating is applied by means of the steam. The reactor 
may be drained of condensate, if desired, and then, 

1 optionally, rinsed or flushed with water, either as such 
or in the form of a spray. However, since in many cases 

5 only about 1 or 2 grams of coating material can be used 
to . coat the reactor, such draining and flushing is not 
necessary. Thereafter, the reactor is charged with the 
polymerization medium and ingredients in the usual 
manner and the polymerization reaction commenced. It is 

0 understood, of course, that one can recoat the reactor 
as often as desired without opening the same, even after 
every charge is polymerized. It should also be noted 
that no particular modification of polymerization 
processing techniques are required due to the presence 

5. of the coating. Further, utilization of the internally 
coated reaction vessel of the present invention does not 
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adversely affect the heat stability or other physical 
and chemical properties of the polymers produced therein. 

While the present invention is specifically 
illustrated with regard to the suspension polymerization 
5 of vinyl chloride, it is to be understood that the 
instant process may likewise be applied in the disper- 
sion, emulsion or suspension polymerization of 
any polymerizable ethylenically unsaturated monomer or 
monomers where undesirable polymer buildup occurs. 

10 Examples of such monomers are other vinyl halides and 
vinylidene halides, such as vinyl bromide, vinylidene 
chloride, etc., vinylidene monomers having at least one 
terminal CH 2 =C<grouping, such as esters of acrylic 
acid, for example, methyl acrylate, ethyl aery late, 

15 butyl acrylate, octyl acrylate, cyanoethyl acrylate, and 
the like; vinyl acetate? acrylonitrile; esters of meth- 
acrylic acid, such as methyl methacrylate, butyl meth- 
acrylate, and the like; styrene and styrene derivatives 
including a-methyl styrene, vinyl toluene, chlorostyrene, 
-20 etc., vinyl naphthalene; diolefins including butadiene, 
iseprene, chloroprene, and the like; and mixtures of any 
types of these monomers and other vinylidene monomers 
copolymer izable therewith; and other vinylidene monomers 
of the types known to those skilled in the art. 

25 The present invention, however, is particu- 

larly applicable to the suspension polymerization of 
vinyl chloride, either alone or in a mixture with one or 
more other vinylidene monomers having at least one 
terminal CH 2 «c<Cgrouping, copolymerizable therewith in 

30 amounts as great as about 80% or more by weight, based * 
on the weight of the monomer mixture, since polymer 
buildup is a problem in this area. 

In the present invention, the polymerization 
process is usually conducted at a temperature in the 

35 range of about 0*C. to about 100»C. depending upon the 
particular monomer or monomers being polymerized. 
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However, it is preferred to employ temperatures in the 
range of about 40°C. to about 70°C, since, at these 
temperatures, polymers having the most beneficial proper- 
ties are produced. The time of the polymerization 
5 reaction will vary from about 2 to about 15 hours. 

The polymerization process may be carried out 
at autogeneous pressures although superatmo spheric 
pressures of up to 10 atmospheres or more may be em- 
ployed with some advantage with the more volatile raono- 
10 mers. Superatmospheric pressures may also be employed 
with those monomers having the requisite volatilities at 
reaction temperatures permitting reflux cooling of the 
reaction mixture. 

Further, the polymerization process may be 
L5 carried out utilizing a full reactor technique. That 
is, the reaction vessel is completely filled with the 
polymerization medium and kept that way throughout the 
reaction by constant addition thereto of water or addi- 
tional make-up liquid containing the monomer or monomers. 
!0 Upon the addition of a certain predetermined amount of 
liquid, the polymerization reaction is terminated, 
usually by the addition thereto of a short-stopping 
agent. The necessity for the addition of liquid is due 
to the shrinkage in volume of the reaction medium pro- 
:5 duced by the conversion of the monomer or monomers to 
the polymeric state. 

The various coatings, as particularly set 
forth in the specific examples, which follow herein- 
after, were rated by visual observation. 
0 In order to further illustrate the present in- 

vention, the following specific examples are given, it 
is to be understood, however, that this is merely in- 
tended in an illustrative and not limitative sense. In 
the examples, all parts and percents are by weight 
5 unless otherwise indicated. 



EXAMPLE I 

In this example, an uncoated reactor was 
employed to establish a control. The reactor surfaces 
were cleaned with high pressure water prior to charging 

5 the polymerization ingredients. First, 630 gallons of 
hot deraineralized water (52 8 C) were added to the reactor 
followed by the addition of 74 pounds of a 3% aqueous 
solution of hydroxypropyl methyl cellulose with agita- 
tion by means of the mixing apparatus mounted in the 

10 reactor. Then the reactor was closed and evacuated to 
25 27 inches of mercury with the agitator off. Then 
the catalyst was added, which was 0.54 pound of di- 
secondary butyl peroxydi carbonate as a 20% solution in 
bexane. The agitator was started and 3000 pounds of 

15 vinyl chloride added to the reactor. The reaction 
mixture was heated to 52 *C and the polymerization re- 
action was carried out at this temperature for 8.5 
hours. After this charge was completed and the polymer 
removed, the reactor was rinsed with water and three 

20 additional charges were run in the reactor in like 

manner. After the fourth charge the reactor was examined 
■for polymer buildup. The blades of the agitator were 
heavily coated with string buildup and knots or lumps of 
polymer. The walls were covered with paper buildup. In 

25 other words, the reactor with no coating on the surfaces 
was classifed as "dirty 1 *. 

EXAMPLE II 

In this example, the reactor was coated prior 
to conducting the polymerization reaction therein. The 
30 coating solution contained the polyaromatic amine made 
by condensing m-phenylenediamine (ra-PDA) and resorcinol 
(RES.) (as shown in U.S. Patent So. 4,024,330). A coating 
solution concentrate was made up as follows: 
15% polyaromatic amine ' (m-PDA+RES.) 
35 10% NaOH 

75% water (demineralized) . 
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Twenty cc's. of the above solution in 4 ounces of de- 
mineralized water was then used to coat the internal 
surfaces of the reactor. The steam was introduced into 
the reactor through a spray nozzle mounted on the re- 

5 actor. ' After about 10 to 15 seconds of good steam flow, 
the coating solution was added slowly to the stream of 
steam going into the reactor and carried to the inner 
surfaces as a melt mist. The coating operation took 
about 10 to 15 seconds and upon completion, the reactor 

.0 surfaces were rinsed with demineralized water. {Note: 
this step is 'optional.) After rinsing, the reactor was 
charged using the recipe and procedure of Example I. 
After charging, the reaction mixture was heated to 52 e C. 
and the polymerization reaction was carried out at this 

5 temperature for 8.5 hours. After this charge was com- 
pleted and the polymer removed, 3 additional charges 
were run in the reactor in like manner. Prior to each 
additional charge, the reactor surfaces were coated in 
the same manner as described above. Upon examination of 

0 the reactor after the fourth charge it was found that 
the surfaces were almost all free of polymer buildup. 
What little buildup was present, was the soft sandy type 
and readily removale with .finger tip pressure. There 
was no paper buildup present in the. reactor. This shows 

5 the vast improvement over the uncoated or control 
reactor of Example I. 

EXAMPLE III 

In this example, the reactor, was coated with a 
dye dissolved in an organic solvent. Specifically, the 

D coating solution was. made by dissolving 6 grams of - 
Nigrosine Z1630. in 8 ounces of methyl alcohol, it was 
found, however, that only about 4 grams dissolved giving 
a saturated solution. The reactor was coated with this 
solution in the same manner as described in Example II. 

5 Then using the polymerization recipe and procedure of 
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Example I, four charges were made, with rinsing and 
coating of the inner surfaces after each charge. Upon 
completion of the fourth charge and removal of the 
polymer the reactor was examined. The reactor was clean 
with no paper buildup. The agitator blades were clean 
and only a few spots of sandy buildup was visible in 
spots, which was easily removable. This example shows 
the superiority over the control in Example I and also 
shows that the steam application of the present inven- 
tion can be successfully employed with organic solvent 
coating solutions. 

EXAMPLE IV 
y — 

In this example, the inner surfaces of the 
polymerization reactor were coated with an aqueous 
alkali metal hydroxide solution of a self -condensed 
polyhydric phenol, namely, resorcinol. The self -con- 
densed resorcinol was made in accordance with the pro- 
cedure shown in U.S. Patent Ho. 4,080,173. A coating 
solution concentrate was made up as follows: 

15% self -condensed resorcinol 

10% NaOH 

75% water (demineralized) 
Twenty cc's. of the above solution in 4 ounces of de- 
mineralized water was then used to coat the internal 
surfaces of the reactor. The reactor was coated in the 
same manner as shown in Example II. Again, using the 
polymerization recipe and procedure of Example I, four 
charges were made, with rinsing and coating of the inner 
surfaces after each charge. After the fourth charge', 
the reactor was examined and found to be in very good 
condition with respect to polymer buildup. There was no 
paper buildup and only a few sandy spots which was 
readily removable. The reactor was far superior to the 
control. 
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EXAMPLE V 

In this Example/ the inner surfaces of the 
polymerization reactor were coated with four different 
coating solutions, which axe set out in the Table below. 
5 In each case the reactor was coated in the same manner 
as described in Example II. Thereafter, using the 
polymerization recipe and procedure of Example I, four 
charges were made, with rinsing and coating of the inner 
surfaces after each charge. Upon completion of the 
10 fourth charge, in the case of each coating material, and 
removal of the polymer, the reactor was examined. The 
results were as follows: 

TABLE I 

Coating Solut ion Reactor C ondition 

15 3 (After 4 Charges ) 

(1) 30 cc. tannic acid concentrate" Good-excellent 
in 8 oz. of demineralized water. 

(2) 2 gms. self -condensed resor- Good-excellent 
cinol in 8 oz. of ■ 9 pts. 

20 tetrahydrofuran and 1 pt. 

demineralized water. 

(3) 2 gms.4-phenyl azoresorcinol Good-excellent 
in 8 oz. of 1.0% NaOH. 

(4) 3 gms. Celestine Blue in 8 Good-excellent 
25 ozs. demineralized water. 

• w 15% Tannic acid; 2.7% AlCl,; 1.5% Ascorbic acid (anti- 
oxidant) * 

In the above charges, there was no paper 
buildup" and what few sandy spots there were, was "easily 
30 removable. In fact, the sandy spots broke away with an 
easy touch of the fingers. The reactor, in each case, 
was far superior to the control. 

Coating the internal surfaces of a polymeri- 
zation reactor by means, of the process of the present 
35 invention practically eliminates polymer buildup there- 
on. Less coating material is used thus providing a more 
economic coating process. The coating process is 
greatly simplified by making it easier to eliminate a 
-draining and flushing step because of the small amount 
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of coating material used with the steam application 
thereof. With the present process, one is enabled to 
operate a closed polymerization system which, in the 
case of vinyl chloride polymerization, has the advantage 
5 of reducing drastically the parts per million of vinyl 
chloride in the atmosphere of the plant, thus meeting 
Governmental regulations. Further, as a result of the 
cleaning action of the steam, periodic nozzle plugging 
is eliminated and dependable coating application to 

10 reactor surfaces operating in the "closed mode" is 
assured. Numerous other advantages of the present 
invention will be apparent to those skilled in the art. 

While the present invention has been described 
in terms of its specific embodiments, certain modifi- 

15 cations and equivalents will be apparent to those 
skilled in the art and are intended to be included 
within the scope of the present invention, which is to 
be limited only by the scope of the appended claims. 
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CLAIMS 

1. A process for substantially eliminating 
the buildup of polymers on the internal surfaces of a 
polymerization reaction vessel which comprises making a 
coating solution of a coating material which/ in the 

5 form of a film, is capable of resisting polymer buildup 
thereon, applying said coating material to said surfaces 
by the action of steam on said coating solution, said 
steam acting as a carrier for said coating material, and 
thereafter conducting the polymerization of the mono- 
10 mer(s) while in constant contact with the coated in- 
ternal surfaces of said vessel. 

2. A process as defined in Claim 1 wherein 
the monomer is vinyl chloride. 

3. A process as defined in Claim 1 wherein 

15 the coating material 'is present in said coating solution 
in an amount in the range of about 0.001% to about 20.0% 
by weight. 

4. A process as defined in Claim 1 wherein 
the temperature of the steam is in the range of about 

20 138°C. to about 242°C. and under a pressure of about 50 
psig to about 500 psig. 

5. A process as defined in Claim 1 wherein 
the coating material is a polyaromatic amine made by the 
condensation reaction of any one by itself or more than 

r 25 one of 'the compounds selected from the group consisting 
of polyamino benzenes, polyhydric phenols, aminophenols , 
alkyl-substituted aminophenols, diphenylamines , and 
alkyl-substituted diphenylamines. 

6- -'A- process as defined in Claim 5 wherein 
30 the coating solution is an organic solvent solution of 
the polyaromatic amine. 

7. A process as defined in Claim 5 wherein 
the coating solution is an aqueous alkali metal hydrox- 
ide solution of the polyaromatic amine. 
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8. A process as -defined in Claim 7 wherein 
the coating solution contains a dispersant operable in 
aqueous media and selected from the group consisting of 
polyvinyl alcohol, polyvinyl pyrrolidone, gelatin (calf 

5 skin) , starch, ana hydroxypropyl methyl cellulose. 

9. A process as defined in Claim 1 wherein 
the coating" solution is comprised of an aqueous alkali 
metal hydroxide solution containing a condensation 
product selected from the group consisting of the self- 

10 condensation product of two or more polyhydric phenols, 
and the selfcondensation product of a polyhydric naph- 
thol, and wherein said polyhydric phenol (a) is selected 
from the group consisting of resorcinol, hydroquinone, 
catechol , and phlorogluoinol . 

15 10. A process as defined in Claim 1 wherein . 

the coating solution is comprised of en aqueous solution 
of a tannin, said tannin being selected from the group 
consisting of hydrolyzable -tannins, condensed tannins, 
ammonium tannates, and tannins complexed with metal 

20 ions . 

11. A process as defined in Claim 10 wherein 
the tannin is tannic acid. 

12. A process as defined in Claim 10 wherein 
the monomer is vinyl chloride. 

25 13. A process as defined in Claim 10 wherein 

the tannin is chestnut tannin. 

"14. A process as defined in Claim 1 wherein 

the coating solution is comprised of an aqueous alkali 

metal hydroxide solution of an alkali-soluble dye, said 
30 dye having one or more radicals in its chemical struc- ' 

ture selected from the group consisting of -OH, -COOH, - 

S0 3 H and -S0 3 Na. 

15. A process as defined in Claim 14 wherein 

the dye is an ionic dye selected from the group con- 
35 sisting of acridines,' azines, oxazines and thiazines. 
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16. A process as defined in Claim 1 wherein 
the coating solution is comprised of an organic solvent 
solution of an organic solvent-soluble dye. 

17. A process as defined in Claim 16 wherein 
5 the dye is nigrosine and the solvent is methanol. 

18. A process as defined in Claim 1 wherein 
the coating solution is comprised of an aqueous solution 
of a water-soluble dye, said dye having one or more 
radicals in its chemical structure selected from the 

.0 group consisting of -COONa, -COOH, -S0 3 H and-S0 3 Na. 

19. A process as defined in Claim 1 wherein 
the monomers are vinyl chloride and vinyl acetate. 
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